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ABSTRACT

A series of experiments were conducted with 0.5 mil
plated coatings on steel exposed to heat in vacuum. The
plated coatings were cadmium, zinc, lead, nickel, ang tin.
Test conditions were exposure to vacuum at 1.5 x 10
torr and temperatures from 2000 to 6750 F. Periodic weight
change measurements were made in room atmosphere using an
analytical balance. Only slight variations of weight were
observed with tests of lead, nickel and tin, and no
significant losses under the conditions used. At their
respective melting points, lead and tin softened and the
coatings coalesced to form drops at the edges of the
specimens.

Cadmium volatilized at rates of 3.0 to 7.6 mgm/cm /

day for temperatures at 4000 F. By reference to initial
coating weights, the cadmium coatings were completely
evaporated.

Zinc coatings behaved in an unusual maoner. An
initial rate of weight loss occurred at 435 only to
decrease to zero at 450°F with apparent constant weight.
With increased temperature a r~te of loss was resumed
and rates of 4.5 to 6.5 mgm/cm /day occurred at 550°F
to a total loss of 90% coating weight. No further loss
was observed through 6750 F. By reference to initial
coating weights, the zinc coatings were not completely
evaporated. Plateaus of constant weight predominated
at 4500 although shallow slopes were noted at 4750 F.
Weight losses at these points varied from 22% to 30% of
initial coating. Another phenomenon observed was the
formation of a powdery layer when specimens were started
at test temperature of 4500 F. When brushed, this powder
accounted for approximately 11% of coating weight and
although substantial zinc was still present, further
test and brushing gave no more powder loss. Time did
not :allow the identification of the powder and study of
the surfaces.
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RECOMMENDATIONS

Several avenues of exploration have been sggested
by the results of this work. The effect of plating
solution cyanide concentration on plated coatings in
vacuum avd the study of the surface changes of the zinc
are particularly recommended for future work. On the
basis of resistance to evaporation effects, it is
recommended that zinc be used rather than cadmium as a
protective coating for hardware etc., that may be sub-
jected to moderate temperatures in high vacuum.

ii 64-233



WEIGHT LOSS OF PLATED METALS HEATED IN VACUUM

CON' RNTS

Page No.
Object 

1

itroduc tion 
1

Experimental Procedure 
1

Experimental Results 
2

Discuss ion 
14

Conclusions 
16

Literature References 
18

Prior Report 
19

Distribution 
20

iii 64-233



WEIGHT LOSS OF PLATED METALS HEATED IN VACUUM

OBJECT

To determine the weight loss of plated coatings

subjected to beating in vacuum.

INTRODUCTION

Interest in space exploration, as well as the increasing
ability of vehicles to approach 100 mile altitudes has (1)
required knowledge of behavior of materials in vacuum.
Pres urc-s at these altifudes are in the order of high vacuum
(10- 1 to 10-6 torr). " Except for occasional recorded
determinations of vapor pressure in critical tables and
handbooks, very little useable data has been available for
the evaluation of metals and their behavior in vacuum. By
application of thermodynamic principle 3, estimations of
vapor pressures and evaporation f1ts for various metals
and temperatures have been made.

These calculations indicate that several metals,
notably cadmium, zinc and magnesium, will sublime readily
in the vacuum conditions of space. The actual effects will
depend ipon the temperatLre, pressure, and time. For
extended periods of months or years in space these materials
are inadequate for construction or protection as indicated
theoretically. However, cadmium and zinc are two of the
most effective protective metal coatings available for use
on the ground. Recognizing that many items will be required
to spend their najor service life on the ground, perhaps
alternating with projections into and recovery from high
vacuum, interest was generated in the experimental behavior
of these metals at moderate temperatures and short exposures
in vacuum.

From a previous project (5) it was known that protective
behavior of cadmium and zinc was not appreciably lessened
by heating in vacuum except as temperatures were high enough
to accelerate evaporation oi the metals. Information was
sought in this work in regard to the rate and completeness
of metal loss.

EXPERIMENTAL PROCEDURE

Mild steel planchets 1/16 inch thick by I inch diameter
were vapor degreased, electro-alkaline derusted, weighed,
plated, weighed again, and then subjected to the vacuum test
conditions. Plated coatings were cadmium, lead, nickel, tin,
and zinc. Solution compositions for deposition of these
metals are summarized in Table I. Specimens were prepared by
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plating in triplicaze to a thickness of approxiziatelv
0.5 mil. although the deposit weight uas used as the
test parameter.

Test conditions were imposed by placing the specimens
in a vacuum chamber and heating the chamber to a selecte
temperattre. The average vacuum ccndition was 1,5 x 10-

torr. Exposure periods were regalated in two patterns,
In ihe firs. pattern heat was applied for t.he full 24 hcur
period with only sufficien: time out of test for weight
determinatiqns :less than an hour). The second pattern
invclved heating fPr approximately 8 hours with ceol~ng
in the vacuum for the remainder of the 24 hour period
before weight .easu-pement. Weighing was done in rrc.n
temperature a-mosphere using an analytical balance.

Tests were accomplished by starting at a selected
initial temperature and raising the temperature perieodically
as changes were observed to ccc.ur (or not occur). The
widest range used began at 200cF and ended at 675 0 F after
a total of 53 days of exposure. Shorter duration tests
were run at temperatures between 4000 and 5500 F,

EXPER IMENTAL RESULTS

Continued exposure of srecimens at periodically
ircreased temperatures resulted in no appreciable weight
changes of the lead, tin, or nickel coatings. At th2ir
melting points the tin and lead coatings melted and
ccalesced at the bottom edges of the specimens Other
than slight darkening, which appeared to be a charateristic
of the bright nickel plate at higher temperatures, the
nickel coatings were jnaffected throughout the 675 0 F
temperature range.

The cadmium coatings showed an initial 24 hour weight
loss* of 1% at 3750 F, and continued to lose weight at a
progressively increasing rate (see Figure 1). Increasing
the temperature to 400C and then 435 0 F caused a further
increase in rate. Maximum rates of 3.0 to 7.6 mgm/cm/
day cce.urred at 4000 F. Some specimens Icst 99% of the
initial coating weight in approximately 6 days after
appreciable weight loss began. The specimens plated from
the low cya-ide solution showed a slower rate of less than
those plated from the high cyanide sclution. In both
cases the specimens returned to initial uncoated weight,
indicating a complete loss of coating

All weight losses are in terms cf initial coating weight.

2 64-233



y~400 MO OD tC4i 14t- Nooaf W~ON 1bb OD 0 0 C .U f - 0 N M (D P40Cq mo oC14 CII M- c 00 t-Ct - N Wf

0

;D to- 
*1IoI .vN - W or nC)

02 co N M 4 04 t- V00OEoo t- to)C oC1xI o -4 H-49 -4 f-4-4 r-

V V4 0 0)C.

v = x 0 X 0 r-4 -V0-4 V r H0 V .0 ()$
is c rlC Q 40 .k v 00 -H %a -p4v -4A

02

~V4 -r4~4~ r
~N E -4w-

v43 
64-233 ~ .U 54



s o . . . . .... . .

0 4 --- - -

• ... . . .. -
d

.. .. . 7 .JC = IN G W Tlr , L O S S . .. ..

, .. . WI

-WI

:,: , . : . / . .

. ....... . . ..

0 EXPOSURE - 2 4 HOUR' PER ;)DS

Figure 1 4 64-233



Zinc specimens behaved in a most peculiar manner O
Coating weight loss of l% in 24 hours occurred at 435 F.
The rate of loss, however, decreased with continued
exposure and dropped to almost zero. (See Figure 2). As
the temperature was increased from 4500 to 5000 F, further
weight losses were only minor. At 525 0 F the rate increased
slightly. At 550OF a very rapid rate (.f 4.5 to 6.5 mgm/
cm /day resulted in 90% loss of coating weight. No further
loss occurred for the duration of the test temperatures
through 675 0 F.

The unusual behavior of zinc at temperatures between
4000 and 550°F prompted tests to determine whether the
change in rate was caused by interruption of the test
for seight determinations. Zinc specimens were exposed to
a continuous test of 24 hours in vacuum at 4500 F. The
average coating weight loss was 22 1/2 %. No loss occurred
at tho second and third similar periods under the same
conditions. A group of specimens heated under the same
conditions for 6 hours lost 4.4% of weight. After 24 hours
additional exposure the specimens had lost a total of
21.4%. This value remained the same after 16 hours of
added exposure. See Table II and Figure 3.

During the next few tests some difficulty was encoun-
tered with spalling of portions of the high cyanide plate.
Considerable time was lost in attempting to locate the
source of the problem since no trouble had been observed
in any of the previous tests. All solutions and procedures
were checked. New solutions were finally prepared.
Concurrently with the spalling difficulties it was observed
that the non-spalled specimens appeared streaked. Brushing
with soft brush removed a powdery smut. Specimens were
then prepared, exposed at 4500 F, weighed as jested,
brushed, and weighed again. The initial weight loss by
evaporation was afp-oximately 19%; the secondary loss by
brushing was 11.70 for a total loss of 30.7%. Upon con-
tinued heating at 4fh°F no further loss was observed.

In another test of 21 hours duration at the same
temperature (4500 F) specimens were brushed with similar
results: 15.70 evaporatioi. loss; 10.7% loss by brushing,
for a total of 26.4%.

Specimens were exposed for 8 hour heat periods
beginning at 400°F; 450°F; and 475 0 F. Weight determinations
were made as removed from test and again after brushing
the specimens. Results are tabulated in Tables III, IV,
and V and are shown graphically in Figures 4, 5, and 6.
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TABLE I I

Zinc Coating Weight Loss (.5 mil)

450O0 1.5 x 10-5 torr

Heated Weight Total
Test Period Change Loss

(hours) M% M%

124 22.5 22.5
24 0 22.5
24 0 22.5

2 6 4.4 4.4
24 17. 21.4
16 0 21.4
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TABLE III

WEIGHT LOSS OF ZINC PLATE

INITIAL TEMPERATURE 400OF

TEMP. OF COATING WEIGHT LOSS
AVERAGE _

8 HOUR AS TESTED AS BRUSHED TOTAL
PERIODS

400 0 0 0
400 0 0 0
450 19.1 11.7 30.8
450 0 0 30.8
450 0 0 30.8
475 41 0
475 <1 0 31.7
500 0 0 31.7
500 0 0 31.7
525* 40.2 0 71.9
350* 17.8 0 89.7

T. BLE IV

WEIGHT LOSS OF ZINC PLATE

INITIAL TEMPERATURE 450°F

TEMP. OF COATING WEIGHT LOSS
FOR 8 HR.
PERIODS AS TESTED AS BRUSHED TOTAL

450 29.2 11.4 43.6
475 1.9 0 42.5
475 1.1 0 43.6
500 1.0 0 44.6
5Off 2.9 0 47.5
525* 48.5 3 96.
550* 0 0 96

* 23 hours
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TABLE V

WEIGHT LOSS OF ZINC PLATE

INITIAL TEMPERATURE 475 F

TEMP. OF COATING WEIGHT LOSS
FOR 8 HR.
PERIODS AS TESTED I AS BRUSHED TOTAL

475 55. 1.9 56.9
475 5. 0 61.9
500 7.8 0 I 69.7
500 9.9 0 79.6
525* 16.7 0 96.3
550* 0 0 96.3

* 23 hours

Appearance changes were slight for any of the metals
up to 3500 F. The cadmium plate developed pale yellow
areas at 3750 F which increased in size as exposure con-
tinued. At 400°F the cadmium specimens were almost
completely yellow. This color remained until 4750F at
which time a faint iridescent blue appeared.

The zinc specimens showed a slight difference in
appearance between coatings from the low and high cyanide
solutions in the test of longest duration. At 350°F
the low cyanide specimens became dull and a fuzzy area
developed at the bottom edge. This whiskeg appearance
remained until the temperature reached 475 F. At 5000 F,
the general appearance became one of irregular black
streaks which increased to a uniform cover at 5500 F.
The black color was presumed to be iron oxide resulting
from periodic exposure of the specimens to the atmosphere
for weighing,

Nickel coatings became tarnished at 5500 F. This
discoloration was believed to result from effects of
organic addition agents used as brighteners in the
plating solution.

The tin coatings melted and formed a iiaall drop at
the bottom of each specimen. The drop did iot change
for the remainder of the exposure through 675 0 F.
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Lead specime:is showed no appearance change until
the coatings melted to form drops at the lower edges.
No further charges occurred to 675°F.

DISCUSSION

Reviewing the course of the experiments in this
work indicated that more questions were produced than
could be dealt with systematically because of the time
element. From theoretical considerations it was expected
that graphical veight loss data would be accumulated
which would resuilt in approximately straight line curves
of increasing slope for increasing temperatures. For
cadmium, this statement was nearly true. For zinc the
results were unexpected. With conditions of pressure
and temperature below the minimum needed to produce a
detectable weight change, the rate of change is, of course,
zero. When the condizions are above this minimum it is
expected that a rate will become constant as long as a
volatile material is present and the conditions do not
change.,

When the apparent equilibrium condition appeared in
the first test, more tests were undertaken at the approx-
imate median temperature of 4500 F. Assuming that early
interruption of exposure to vacuum might result in a
passive response, thie tests were run comparing continuous
and irterrupted exposure. The parallel values and constant
weight indicated that interruption was not a factor.

The weight loss observed at 450°F in a series of tcsts
ranged from 20 to 30% on the basis of evaporation. When
it was cbserved that a powder layer could be brushed away,
the total loss became slightly higher. It is interesting
to note that the powder did not recur after the initial
removal, and appeared to be relatively constant (11%)
for the coatings at 4500F. At higher temperatures the
amount of powder was either less as formed or became
volatile at these conditions. The powder does not prevent
the evaporation effects, (See Figure 7) and therefore is
not an explanation for the constant weight plateau.

It was also observed that the amount of loss (total)
was about the same for different thicknesses of zinc at
450°F. Spec.mens plated at approximately 0.5 mil lost 29%
of coating weight; specimens of 0.3 mil thickness lost 31%
of coating weight. This suggests that the coating thickness
is a factor either in the alloying effect with the specimen,
or the conversion of the surface. If it is assumed that
only a thin surface skin is converted to powder as other
metal is evaporated, the percentage of weight loss should
be much greater for a thin coatiag than for a heavier
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coating. If the assumption is mode that for each unit of
metal evaporated there is a res'.ue of slag, so to speak,
an explanatiun would be offered lor the relation of differ-
ent thicknesses of coating:. This cannot be valid, however,
because once completely brushed away the riwder does not
appear again. The powder is nevertheless related to the
sublimation effects at 450'F since it does not appear at
the 400°F tests which are below the det,?ctable weight loss
conditions.

The retention of 4 to 10% of initial zinc coating
weight is not surprising, since zinc-iron-alloy layers are
the basis of zinc cementation or "Sherardizing". Sherard-
izing is a diffusion in the solid state accomplished at
temperature ranges of 660 F to 700°F and under certain
circumstances may be dg at temperatures above the melting
point of zinc (7870 F). Diffusion also occurs at
temperatures lower than this and results in formation of
iron zinc alloys which could account for the erratic and
unusual evaporation effects observed. Formati9) of two
layers of varying composition have been found.'" The
extent of diffusion is dependent upon time and temperature,
thus for higher initial temperatures, as suggested by
the graphs in Figures 4, 5, and 6, the rate of evaporation
probably increases more rapidly than the diffusion rate
which forms the alloy. If this happens, the plateaus of
lessened weight loss will occur at higher loss level. No
completely satisfactory explanation is presently offered
since analysis of the powder and study of the surfaces
could not be accomplished at this time.

From the observations it appears that variations in
behavior can be expected from coatings plated from
solutions varying in cyanide concentration. For both
cyanide soluble metals used in this work, cadmium and
zinc, the rate of weight loss was slightly less for the
plate from the lower concentrations of cyanide in the
plating solutions. In view of reports o listering or
frothing of deposits in missile devices, 8  this phase
should be explored.

CONCLUSIONS

In consideration of usefulness of cadmium and zinc
as extensions of protective coatings from earth atmospheres
to high vacuum and moderate temperatures (350°F to 500 0 F)
cadmium is of no practical value. The strange behavior
o; zinc suggests that for short period exposure it may
offer practical use, at estimated temperature ranges less
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than 4500 F. The formation of an iron zinc alloy willoffer protective ability even though a major portion ofthe zinc coati.g has been volatilized.

17 64-233



LITERATURE REFERENCES

1. Jaffe, L Nucleonics 19 p 93 (April 1961)

2. Forsyth, P.F., Bell Aerosystems Company Report No.

8500-920002 15 Jan 62 ASTIA Report No. AS 292929

3. Ham, J.L., Aerospace Eng. 20 p 20 (May 1961)

4. Jaffe, L. and Rittenhouse, J., Jet Propulsion Lab.
Technical Report No. 32-161

5. Wolff, R.H., "Corrosion of Plated Metals Heated in
Vacuum" Plating 50 p. 905 1963

6. Burns, R.M., and Bradley, W.W., "Protective Coatings
for Metals", p. 50; 111 Reinhold Publishing Corporation,
New York 1955

7. Kelley, F.C., "Metals Handbook," p. 715, Cleveland
Ohio Am. Soc. for Metals 1948

8. Gilbert, L.O., Rock IslanJ Arsenal Laboratory Report
No. 63-1395

18 64-233



PRIOR REPORT

Wolff, R.H., "Corrosion of Plated Metals Heated inVacuum" Plating 50 p 905-910 October 1963

19 
64-233



DISTR IBUT ION

No. of Copies

A. Department of Defense

Office of the Director of Delense
Research & Engineering

ATTN: Mr. J. C. Barrett
Room 3D-108o, The Pentagon
Washington, D. C. I

Advanced Research Project Agency
ATTN: Dr. G. Mock
The Pentagon
Washington, D. C. I

Commander
Defense Documentation Center
ATTN: TIPDR
Cameron Station
Alexandria, Virginia 22314 20

B. Department of the Army - Technical Services

Commanding General
U.S. Army Materiel Command
Room 2502, Bldg. T-7
ATTN: AMCRD-RS-CM
Washington, D. C. 20315 1

Commanding Officer
U.S. Army Chemical & Coating Laboratory
ATTN: Dr. C. Pickett 1

Technical Library 1
Aberdeen Proving Ground, Maryland 21005

Commanding General
U.S. Army Tank Automotive Center
ATTN: SMOTA-RLM.2 1

SMOTA-REM.3 1
Warren, Michigan 48090

Commanding General
U.S. Army Weapons Coamnand
ATTN: AM: WE-RD 1

AMSIWE-PP 1
Rock Island Arsenal
Rock Island, Illinois 61202

20 64-231



DISTR IBUTION

No. of Copies
Commanding General
U.S. Army Missile CommandATTN: Documentation & Technical Information Br. 2Mr. R. E. Ely - AMSMI-RRS 

1Mr. R. Fink - AMSMI-RKX 
1Mr. IV. K. Thomas - AMSMI 1Mr. N. J. Wheelahan - AMSMI-RSM 1Redstone Arsenal, Alabama 35808

Commanding Officer
Frankford ArsenalATTN: SMUFA-1330 

1Library-0270 
IPhila iphia, Pennsylvania 19137

Commanding OfficerU.S. Army Materials Research Agency
Watertown Arsenal
ATTN: RPDWatertown, Mass. 02170 

1

Commanding Officer
Picatinny ArsenalATTN: Plastics & Packaging Lab. 1PLASTEC 

1Dover, New Jersey 07801

Commanding Officer
Spriagfield Armory
ATTN: SWESP-TXSpringfield, Mass. 01101 

1

Commanding Officer
Watertown Arsenal
ATTN: SMIWT-LXWatertown, Mass. 02170 

1

Commanding Officer
Watervliet Arsenal
ATTN: SWEWV-RDRWatervliet, New York 12189 

1

Commanding General
U.S. Army Munitions Command
Picatinny Arselial
Dover, New Jersey 07801 

1

21 64-233



U IbTR IIUT ION

No. of Copies

Commanding Officer
U.S. Army Environmental Health Lab.
Army Chemical Center, Maryland 1

Commanding Officer
U.S. Army Chemical larfare Laboratories
ATTN: Technical Library
Army Chemical Center, Maryland

Commanding Officer
Harry Diamond Laboratory
ATTN: Technical Library
Washington, D. C.

Director
U.S. Army Engineering Research and
Development Laboratories

ATTN: Materials Branch
Ft. Belvoir, Virginia 1

Commanding General
Quartermaster R&D Command
ATTN: Chemicals & Plastics Division
Natick, Massachusetts 1

Headquarters
U.S. Army Signal R&D Laboratory
Fort Monmouth, New Jersey 1

Department of the Army - Other Army Agencies

Commander
U.S. Army Research Office
Arlington Hall Station
Arlington, Virginia

Commander
U.S. Naval Research Laboratory
ATTN: Technical Information Center
Anacostia Station
Washington, D. C. I

D. Department of the Air Force

Cormandcr
Wright Air Development Division
ATTN: ASRCN
Wright-Patterson Air Force Base, Ohio 2

22 64-233



DISTRIBUTION

No. of Copies

AMC Aeronautical Systems Center
ATTN: Manufacturing & Materials

Technology Division, LMBMO
Wright-Patterson Air Force Base, Ohio 2

B. Other Government Agencies

Scientific & Technical Information Facility
ATTN: NASA Representative (S-AK/DL) 1

Mr. B. G. Achham.er 1
Mr. G. C. Deutsch 1
Mr. R. V. Rhode 1

P. 0. Box 5700
Bethesda, Maryland

George C. Marshall Space Flight Center
National Aeronautics & Space Administration
ATTN: M-F&AE-M 1

Dr. W. Lucas, M-S&M-M 1
Mr. W. A. Wilson, M-ME-M 1

Huntsville, Alabama

Jet Propulsion Laboratory
California Institute of Technology
ATTN: Dr. L. Jaffe
4800 Oak Grove Drive
Pasadena, California I

Prevention of Deterioration Center
National Academy of Science
National Research Council
21.01 Constitution Avenue
Washington 25, D. C. 1

Office of Technical Services Stock
1200 South Eads Street
Arlington, Virginia 50

23 64-233



c
0

C0 A
.q - .J

C 4C 4

.4 .4 U 4 .4 Sib

A. a fl : fl V. = l V V

a4 'A IS U -I 6w'
0g 4 4 .0 o 0C -. -a20w G

It. 0 3.4 -4a6 6 G 4 4.4 c
IL xl 0 0 2Io 4'.13 la e 1 .40 :4 0 A 4 20 V 9

8.4 040 S.C 3 04O6 0 8C4 o2o jm IN4

S. a -- 31'd . 0 -. 4 j
0 ,00 .4 06 4 P'.4 4 COO .4 I. C a *

410 "1 0.. ,f 1 4* 10.0 4

.. a j " vA .4 ae A1 U

03o. 0, 0 9 - 06: u o
a a do0 40 a 0-4 8.0 CI n

0 V-' m . a"

a~- Ou-"4t:3 I

0 0a f 0 .% C 60a q K .6ka. 00 01623%"a .. g00

an ( SAP P %. -4:*a im acA 04 . I .A'b. t c
-4 oU0aU 2 0 -I [b. a is 0%

:3~~~.. 0 to0.44
4,p~~~.4. au 6* A t s u VCU 41 0

0 '. 8.8 40 04.-@ 484

la. 09Q Q~ 4o~ 0C 9

r 4.

0 d 0 .4 0 - 0.

Aa.
0101.4 00 .- 4 J

a. .- 14 Cl u

- .. 1 a
Ila, v* .40 a0

484 a 1beb -
0 *4.41 vo.4 14 0 01 go.h . 4

oA 4 044 r- A."1 
0 .0C0.40 a 4 4.4 Ul4.N .

.4" an o-U * .44 A

.. 0 " .8 042

ps 0 00 a.44 .0
-. 4 0U0 0 1 1 d4 I A 41

-. ~ ~ IJ- 8.15 .. : ,U4 : .4 3 4*;041.058 U I 8A0 8. I U .a0 o
8. 0 0 0 & 46. 10 1 0 0 419 -. %to4we

'1~~~ U( ' *4.4 0.Ad~ ~ 9 058.6 9 u~ 8.. V .40
0 4" 1"C I:;; 06.00 8e3*1.,. S8.

0. 31 94. A4 0.400. 00 Q A A~'S 0 .

,a c.. E.' 0-0m t-cU ocooqo

16 .0 oe--. .41 0 C a 0 C.%.-40.
0- CL- so 01 -1 41.0 I4 .I ' - -- J0 .

O11.PS A8 c v .-

In 1*0 '06U. .4 A 0 0U %' 0

10~~~_ - a-1"I "



+ ill i+ I
rd pit=,+.

ooo,~I v..,.;S, .

0 ,

II~~~~~~~ "a1. :l 1.k 193 -- .

Aa.

0.440 a oa 4. 0-1

3P h.4l ~ h ,4 • I ill I
OQ .4 U- 0 agO* 4 @,, O 31i .,

0 0,"4 0 .,4

in P P.) . .l a8 a oa g

I. iaI I) . N

O.a '.0A

.0 u OAOk

40 A l 0 t4 a

0. 0 0, 0S
a~ a 4 v 0 Ca

c.*4. II c

a 1 a 00L

0 01 M! %'""

D. 
00-*'

1 0

L. u .a . m r4

U"4 060 00.4

0 a .. £- 400.

0-4 O E'0 0 .

0 . oo d L

0 l . I! k g. '"0 O- 0£.g

- >..o .45I.o -:, S. 4

* ~P eI =0 r, S O0 :C,


